We have measured element-specific Fe-phonon densities of states (Fe-PDOS) of LaFeAsO 1-x F x (x = 0, 0.11) and La 1-x Ca x FePO (x = 0.13) by using nuclear resonant inelastic scattering of synchrotron radiation. The Fe-PDOS of superconductor LaFeAsO 0.89 F 0.11 (T c =26 K) and that of non-superconductor LaFeAsO have similar structures to both below T c (15 K) and above T c (298 K) and, therefore, fluorine doping does not have notable effect on the Fe-PDOS. As for the superconductor La 0.87 Ca 0.13 FePO (T c =5.4K), the entire structure of Fe-PDOS resembles with that of LaFeAsO 1-x F x , but the energy of the highest peak is higher than that of LaFeAsO 1-x F x . These peaks are attributed to vibrational modes between Fe and pnicogen (As and P) and the temperature-dependent energy shifts are observed for [3] , many extensive studies have been perfomed on iron-pnictide compounds. Furthermore, it was found the replacement of La with other rare-earth elements (Pr [4] , Nd [5] , Sm [6] ) raises the transition temperature (T c ) above 50 K. In addition, oxygen-deficient (ReFeAsO 1-x , Re: rare-earth metal [7, 8] ) and oxygen-free bilayer (Ba 1-x K x Fe 2 As 2 [9] ) superconductors were synthesized. Besides cuprate superconductors, this new family of iron-pnictide compounds provides another platform to explore high-T c superconductivity. As for the cuprate superconductors, the superconductivity emerges upon doping away from a magnetically ordered mother compounds. Experiments on neutron scattering [10, 11] , Mössbauer spectroscopy [12, 13] and muon spin rotation [13] have revealed the magnetic order of the Fe moments in LaFeAsO, whereas magnetic order is suppressed and superconductivity is observed upon doping [10, 12] . This is the most striking similarity between cuprate and iron-pnictide superconductors. However, the relevance of the electron correlation effect is controversial [14] [15] [16] and multiband superconductivity mainly composed of five Fe-3d bands near the Fermi level is predicted from first-principles calculations [17] [18] [19] [20] [21] [22] whereas cuprates have only one relevant band.
The pairing mechanism that leads to the high T c in iron-pnictide superconductors seems to be the most critical and controversial issue at present. First-principles calculations predict that the phonon mechanism is not the main mechanism which induces high T c superconductivity in iron-pnictides [16, 23, 24] . Furthermore, optical spectroscopy [25] also suggests that the main pairing glue is not provided by the electronphonon interaction. On the other hand, the strong electron-phonon coupling of the Fe breathing mode of LaFeAsO 1-x F x has been pointed out [26] , and the electron-phonon coupling is strong even in cuprate superconductors. Therefore, the experimental study of the phonon states in iron-pnictides is highly important. To confirm the electron-phonons interaction is the main pairing glue in conventional superconductors, the structural similarity between the phonon density of states and an Éliashberg function α 2 F(ω) obtained by tunneling measurements was important [27] . So far, Raman, IR and neutron inelastic measurements [25, [28] [29] [30] [31] [32] [33] [34] have been performed to investigate the phonons. In particular, element-specific phonon densities of states of Fe is highly desirable because the bands crossing the Fermi edge are mainly composed of Fe-3d bands as expected and confirmed by photo-emission spectroscopy [34] [35] [36] [37] and, therefore, Fe is the key element for iron-pnictide superconductivity. The nuclear resonant inelastic scattering of synchrotron radiation [39, 40] offers element (isotope)-specific phonon energy spectra. This method has been improved further to elucidate site-specific phonon densities of states [41] .
We have performed nuclear resonant scattering measurements for LaFeAsO 1-x F x (x = 0, 0.11) and have obtained temperature-dependent element-specific phonon densities of states. Furthermore, we have measured element-specific phonon density of states of superconducting La 1-x Ca x FePO (x = 0.13). In this letter, we discuss the temperaturedependence of Fe-PDOS and the change of the spectra upon doping by comparing the Fe-PDOS and the Éliashberg function calculated from first-principles band calculations [24] .
The LaFeAsO 1-x F x (x = 0, 0.11) and La 1-x Ca x FePO (x=0.13) samples were synthesized by methods described in ref. [3] and ref. [38] , respectively. The quality of the samples was checked by X-ray diffraction and found to be almost single phases with small amounts of FeAs and LaAsO 4 LaFeAsO did not undergo a superconducting transition but, at around 150 K, had a resistivity anomaly [3] and structural phase transition [10, 42] followed by magnetic ordering [12] . Samples of ~ 25 mg were mixed with BN and polyethylene powder, and they were pressed to form a pelletized disk with a diameter of 10 mm. The nuclear resonant inelastic scattering experiments were performed at the nuclear resonant scattering beamline (BL09XU) and the JAEA beamline (BL11XU) of SPring-8.
The experimental setup is almost same as that described in ref. [40] . The electron beam current of the storage ring was 100 mA at 8 GeV. A double-crystal Si(111) premonochromator was used to handle the high heat load of undulator radiation, and the radiation was monochromatized to the band width of 2.5 meV (FWHM) with a nested highresolution monochromator consisting of asymmetric Si(5 1 1) and asymmetric Si (9 7 5) channel-cut crystals. The energy of the radiation was varied around the first nuclear Measured nuclear resonant inelastic scattering spectra were converted to elementspecific Fe-PDOS according to the method described in ref. [43] and these are shown in Fig.1 . Note that measured samples were also confirmed to be almost single phase and the impurity in each sample is less than 10% with Mössbauer spectroscopy [12, 45] . This ensured that the PDOS obtained were only due to the Fe atoms in iron-pnictide without resorting to the site-specific nuclear resonant scattering method [41] . In LaFeAsO 1-x F x PDOS, no drastic spectrum change was observed upon fluorine doping and with the temperature used.
In the spectrum of La 0.87 Ca 0.13 FePO, three main peaks are found as seen in Fig.1 .
The positions of low (16 meV) and middle (25 meV, labelled with * in Fig.1 ) energy peaks are near the corresponding low (12 meV) and middle (25 meV) energy peaks of LaFeAsO 1-
x F x spectra measured at 298 K respectively, but the high energy peak-position at about 41 meV (labelled with ** in Fig.1 ) is much higher than that in LaFeAsO 1-x F x at about 31 meV.
It is known that vibrational frequency is proportional to the square of the mass ratio (= 1.56, As:74.92, P:30.97) assuming that the coupling constant is the same. Since this value is close to the frequency ratio (= 1.28), the highest peak is thought to be due to coupling between Fe and pnicogen. This assignment is supported by the first-principles band calculation [24] . It is noted that, in the case of PDOS spectra, the observed peak usually does not correspond to one phonon mode as observed in Raman or IR spectra. In conventional phonon-mediated superconductorswith tha same electron densities at the Fermi level and the strength of electron-phonon interactions, higher phonon energy leads to to a higher T c . Therefore, the obtained energy shift shows the opposite result to that expected from conventional phonon BCS theory by assuming the same other parameters.
However, the fact that the peak intensities of LaFeAsO No significant change in the Fe-PDOS spectra upon F-doping was observed in LaFeAsO 1-x F x . Although LaFeAsO undergoes a structural phase transition at around 150 K [10, 42] , the change is so small that the Fe-PDOS change is not thought to be present within experimental error. As shown in Fig.2 , the Fe-PDOS spectra of LaFeAsO 1-x F x agree very well with those calculated from the first-principles band calculation [24] , which also calculated the electron-phonon coupling constant (λ) as 0.21 giving T c below 0.5 K and the Éliashberg function giving a T c value of 0.8 K. Furthermore, another first-principles band calculation gives the electron-phonon coupling constant (λ) as 0.2 [23] . Comparison of the obtained Fe-PDOS and the calculated Éliashberg function [24] are also shown in Fig.2 .
The similarity between our experimentally obtained PDOS and the calculated spectrum gives the reliability of the calculation, and implies that the phonon mechanism alone cannot explain the high T c value of the superconductivity in iron-pnictides. From the experimental point of view, comparing our observed firm Fe-PDOS with glue spectra, which can be obtained with tunneling or optical measurements, provides the clear insight that the fundamental mechanism of the iron-pnictide superconductors is due to phonons or other mechanisms. In fact, bosonic spectra, which were obtained by optical spectroscopy [25] with some assumptions, are entirely different from the PDOS.
We have found the energy shifts of middle (labeled with * in Fig.1 ) and highest (labeled with ** in Fig.1 ) peaks in LaFeAsO 1-x F x PDOS accompanying the temperature changes. These changes are listed in Table. I, in which the peak positions were obtained from Gaussian fits to the peaks. These indicate the anharmonic effect around the Fe atoms.
In fact, the energy shifts of A 1g (As) and B 1g (Fe) modes of K 0.4 Sr 0.6 Fe 2 As 2 were observed in Raman spectra and were attributed to the anharmonic effect [31] . However, for the temperature-dependent IR active Eu mode [31] , the Eu mode was found to be a harmonic effect [44] and the temperature-dependent study of neutron-weighted PDOS indicated a rather harmonic system for the parent compound BaFe 2 As 2 [34] . Furthermore, the 
